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l, IaDn0DUCPION

Pho reyulrements of the subjlect contract did not call
speclfically for a [inal Technleal Iepsrt at thls stage, but it was
considered advlsavle, [lor the sake of continuity should the contract
be extended to more aciive phases, to prepare a report preceanting
all test date assewbled during the Dusmy .lock-up phase. .ulkewise,
the filter development work undertsken since the submission of the
~inal Technical “eport on the esign tudy is susmmarized here (this
includes the rclevant esseuntial material of Progress Beports fos., 2,
3 and 4 covering the period August - December 1906l).

The construction work accomplished during the ummy
Jock-up phase of the contract incliuded two single-channel modules
(assembled principally to faclilitate carrying out of the ovcrlap-
ping portions of the ' ypley and JPL test programs) and the nock-up
undt, Initially, the latter iacluded two operational channels for
test purposes, Iliowever, s3s the contract requlrements called for the
supply of 12 lens-iilfer~detector assemvlies, the dumiy mock-up in
its final form incorporated all such assembdllies: +{this was consider-
ed to be nore convenient to JPL rather than simply supplying the
separate components, Felative sensitivity determinations (employing
vungsten-rilament and mercury-arc sources) were made of all 12 ehan-
nels in the mock-up. vetailed drawlngs of the mock-up have also

been supplied to JPL.

2, ITBLGH ANT CORIIMUCTION O IHE DUNMKY MOUK-UP
2.1 seneral
he sinzle-channel wmodules were coastructed of alum-

inun anodlized simllar in shape to tie cliannels In the mozk-up. Lach



4

2

incorporated & filter-lens-detector assembly. As this 1a not a con-
tract regulirement, no drawings appear in this Report (uut working
sketches are available),

| The durmy mock-up was constructed from a soclid blook
of mngnaniumﬂfiniaheﬁ through application of the Dow 19 process, and
painted white (baked énamel). Ten of the channels contain filtafa
(eight narrow bandpass type and two broad bandpass type - See Table I)3
eight channels are fitted with quartz lenses and two with quartz
discsg all 12 channels have thermonile detectors of similar construc-
tlon but not similar sensitivity. Teflon rings are emploved as shock

rings, at the suzgestion of JPL.

YALLE 1 wWaveleugti intervals (in mu) of the 12 channels in the

dunmny mockK-un

vnannel Fllter bno, vavelencth limits (~w)
1 ] 1300-2000
> 7 500= 600
3 5 £00=- 600
i 5 L50- 500
> “uartz 200=4000
6 Gl 535+
7 L 697+
3 usrbz 200=-5000
& GO0= 450
10 3 3u0- 400
1l 2 310~ 350
12 1 300= 350
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u;* and ths asmbliu Loy %ab az‘ txa euapanma ehnmm.; are mw
éhﬁtlaﬂﬁh ta ?tgﬁ* Yeli s
eéaasxﬁnea Figs. 5,7‘

.2 Egogetgz

*hn single-ahannsl uednlin ars con&uul in thupc; thc
ehamnels ef tns mo&&—up 879 cylindrical {for aase of mnnuraetnrt)g :”
Testa have shewn the ‘shannel nenrigﬁrasian to be of litalo imyormu .
ance. ?ha feur ehnnnnls ar ths mogz-ap without 1¢ngaa waro 4¢sign~
ed to & 15‘ apswtare (total)} snzle. Those sharmels with lenmses have
a sraller limiting aperture.

2s+3 Components

2+.3.1 Detectors

“he basle construction principles of the thermopile
detsctors have besn discussed in the !"lnal lechnical Feport on the
eelgn Gtudy,., Certaln further improvements have evolved during the
period covered by this second contract phase (out censtitute part of
the Lppley Labaraﬁory's owrn supported research and development pro-
gran - 1 required, the Laboratory is prepared to discuss these de-
velopments but it is felt that the present moment is too early for
useful discussions), The nhlghest sensitivity obtained so far for
the very fast model of detecltor without recelver is about lj mv per
cal em=2 min~l, in vacuum, with a response time (1/e slgnal) ap-
proaching 0.2 second. The somewhat slower and larger model with re-
celver has reached a seusltivity level of 9 mv per cal cuw~? min~l in

vecuun (1/e response 1 second).

f' #f #m w&«ag %!ambly and ﬂ;sans o
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o . ‘u, v*
2,3.8 Lenses o

!  The type of lens (all common) was dnsaribad in the
| prw.uu th. It will be suffiolent to room here that the ma~
uerlal 1a hiahnsr¢¢a eryaﬁul quwruu nnd the lhapo lann~convox.
2;3;3 2&&&5&1

A tﬂ% vw"a o! r&;tnr are .ualoybd, vim nhnvp euharr

bvoad b;ndp‘u- nnﬂ Anturrnronaa narrau bundp&al. AN nantiennd above,
the wavoxeugth liuzis of she ten Iilters 1n the mnowwup are listed Ln
Table I, ﬁurvon shouing the transmittanoe of the nnrrcw banepaan
fiiters lnsartta 1a the moak»up are raprudnetd at tha unﬁ of thia Re-
port as Figng l? (u}-(d). dince this Beport eentaina & :ooticn on
~ the aontinuanaa of the patallol filter development progrua {See B&#o :
tion 7),n0 referencs will be wade to the improvements which have be.n
acgonplished, except to state that & very siznificant festure has
emerged, namely, the enscapsulation of the narrew bandpass filters in
an entlrely closed quartz container, Ne epoxy i1s necessary, so the

1izht beam only traverses layers of quartz &nd metsls and/or dislec~

trics, Apart from solving the sclaerization problem, the new Iilter
production technique results in waterproofing and maximum freedom
' from mechanical and thermal shock effects. 5ll narrow bandpass fil-

l ters in the mock-up are of this design,

3. DESY PROGRAM AT LPPLEY

3¢l iechanieal (vibration)

‘he two single channel wodules and the dummy mock-up
with two operational chiennels were tested as descrived in the previ-

ous Heport, (ne vioration table, with the mock-up in position, is
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shown in ¥Fig, 8, In the case of the modules and one of the mock-up
channels, the system comprised narrow bandpass filter, lens, teflon
apacers and thermopile unit: Iin the case of the second mock-up
channel, the thermopile unlt was covered only by a quartz plate. A
"2" value of at least 15 was simulated in all instances (modules:
displacement of 0,125 inch at a frequency of 47 o/s - mock-up:
displacement of 0.2 inoch st a frequency of 38 o/s). The test period
was 10-15 minutes continuous, The test source of irradiance was a
5000-watt, tunzstan-filament, projector-type lamp (forced ventilated
and water-cooled for stability of output)., At the positions chosen
on the optieal bench, the radlant flux density ranged from about
50«60 nw cm*€ (1,8, 0.7-0.85 cal om~2 min-l), Thermopile emf was
measured on a precision LEppley (White-~type) potentiometer. The di-
vorgence between esch set of aimiler data (i.e¢, before, a3 compared
with aiter shock %est) is generally within the accuracy realizable
in the experiment, viz, %1 per cent,

Ine results of the module teats are given in Table II
and those of the mock-upy tests in Tadle Iil.

3.7 cotarizstion

Jhe eoulipment essioyew in thils test commrised e
") & A
cooley esall solar sioalovor {(oi which the osll J2r withi cold ashroud
; i ‘B, 9"‘12-‘1
Sng redlation sousrco ased was a Lod0-nl Uensral Slece
e 3
tric ercury orce.  Hls lamp witihy the outor - lass envelove (i.e,
canrtz onvelosoe ) re over was wonitioned g0 trat the sre discharce was

Snroniastely 8% the coater ol o L0-1 wen ocenl len th ellipooical

[ S Ly . 2 ..
Girreor.  easwrerents w1t

o

A Lnoersmonsils b Be GIRTORLASLe 820004
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TABLE ITI Hesults of tihe mechanleal shock (vibration) tests, at

sowport, of the two sin:le-chalinel modules

Vibration flest

Hodule Mo, sefore After (1) Lfter (2)
mv my mv
1 0.022 0.023
2 0.098 0.0975 0.099

TALLY II1 results of (a) mecnanical shock, (b) UV solarizatlion and

(e¢) thermal shock tests, at Hewport of two channels {one

filtered and the othsr unfilterad) in the Adummy mock-up

Vibration Test
Channel Yo, Before After (1) After (2)
mny rav ny
G{filtorad) 3.100 J.101 Ue 10
T{unfiltered) 1,38 1.37 1.36¢

YV obolarization lest
seiore .Iter

mnv mv
Iy 0.150 (L LOO
Jhernsl Jhoor Joon
Lojore Shay
SV Y
o Jelid) Jedlul
7 H ol s b
{ Lo 2 LTS T




6.
focus indicated e radiation flux at the test location of approxi-
mately 150 mw cm=2, From the menufacturer's catalogue data, approx-
imately 20 per cent of this output appears to be in the ultra-violet
region, Ag about 7 per cent of the extraterrestrial solar radiation
is in the UV, this test exceeds in severity (by about x3) the actual
flux to be expected in X-15 flight conditions. The period of contin-

uous exposure was 10 hours,

At the start

5 x 10*4 torr was obtained.

vacuum system were chilled,

of the tests, a vacuum of approximately
After the cold walls and traps of the
with liquid nitrogen, the pressure de-

creased to 5 x 10> torr, and thereafter to slightly lower valuea,
reaehing 1 x 10-5 at the end,

A small hole in the shroud wall allowed the filtered
channel X¥o. l to be irradiated. Throughout, the temperatures of the
shroud and the mook-up were monitored; in conditions of equilibrium
the rospective valuss were -177 and -86° C,

48 wlll be sesn fronm Tablé 111, no signiflcant chenge
peeurred in the enmizivity of thls crannel, rigs., 13 and 1 iur-

k4

tirer dovonsitrate the avuscnce ol solardlzation in this {(blue) filter,

Yhe buo curves 0@ truscrictuance sre ldentlicsl witnin the perlormance

£ N s e g Ao e o i S e g A B P S .
ol b.:e SLe0VI0L W 000me T LE uied in Lusac ceats,

“ids Lest was wnlorbtaven oy placing the moeg-.n inside
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Te
noticeably. [he data of !able ill Indicate that the scusltivity or

each channel was unaf{fected, I'tz. 15 1llustrates the method,

!‘,, PRST LIOBRLE AT JPL
it was learned, from JPL, that no adverse test results

had been obtained, It is not the purpose of this feport to discussa

auech tests,

HAL ASSENSLY Ob UMY MOCK=-UP

On completion of the JFL test program, carried out
gubgequently Lo that at Newport, all channels of the mock-up were as-
sembled, for operaticnal use at JPL, in sccordance with arrangement

ietailed in Table IV (dee also Fige 5},

6o DITLERIAATION OF CHARNLL &, HolTIVITY
CIY DULEY HMOCH-UP

6.1 Lelative sensitivity

This was determined on the smme optlcal Leuch as was
used in the test program {lection 3) - See Fig. 16, In acdditlon to
the 5000 watt tuarssten lamp, the mercury {ruartz envelope) arc em-
ployed in the solarization test (lection 3) was utilized as the
source to irradiate the three UV chaunels., The rasults of this de-
termlnation cro countained in Table IV and are only v:lld for these
axposure conditions,

6.2 Tecoumendations for avsolute sensitivity

In the previous ireport a section (No. &) dealt with
the fundamental radiometric references, the normal calibration pro-
cedures in preclision radliometry, and the sroup of primary and transg-

fer standards avallable at the Innley Laboratory. In leptewber of
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this yesr one of these primary working standards was verified, in
Switzerland, during the second Inaarnat;chal Pyrheliometrie Compar-
isons, | "? | | |

Howsver, the absolute gﬁlibrgﬁian.or such & l2-shsnnel
detector radicmeter, as described in thiﬂfnaport, i3 by no means a
"normal-type ¢zlibration®, ror a dstermination of this nature, it is
recommended that snvaral diiferent avproaches be attempted, at least
for the highly wavelength solaotivc narrow bandpass chnnnsil. These
could well 1nsluae the icllcﬁ.nc eneruy sources:

(a) highsihmihbiﬁy earbon arﬁ.'atabilixéd’aﬁd eparatad witheut and
with » ﬂtrzsi of filters identicsl to those in hhz radaemoter
undey: ﬁcaﬁ; - |

(b) the sun &t Newport (during high solar elevation in summer
months), also sensideying filter as well as total flux tesch~
niquesy . P

(e) the aun at thc JPL taat aits at Table Mountain or at tha Aslr

. Porce site at sae?aﬁgnté»Po&kj

{4) the sun aa:abz%rvad-ﬁaring eonventionsl aireraft test {iight(s).

7. FILTER DEVELOPHENT
_:Thn»objpativc;ﬂr this section of the Report is to de-
seribe the wovh qnﬂmmtakln in aanbinnnnnc of that initiated in Jnly
196h ané diuwnauné in ‘the previous Repwrt. Kalentially, ineluded
hare araz
(A) = rtvion of thn theoretical background of aiaslo and Fabyry-Perot
otllun 1nﬁorfaroneo-typo filterss

{(B) a roycrt on the measzured charasteristics of a series of such




9e
filtera produced for the purpose of demonstrating the "trade-
offs" which mast be made in obtaining the most satisfactory
filter for any desired bandj
(C) & similar report on the second phase of this production study;
() a orief report on the developed method to produce narrow band-
pags interference filters intended to be Ifree from effects of
solarization, to be waterproof and to be hi;hly resistant to
mechanical and thermal shocit (2eoe also Section 2.3.3 of thls
Peport).,
In considering the theoretical review, it should be
borane in mind that the nathomatios alono do not embrace the comnlete
pieture, since all of the rilter types which are theoretically pos-

sible are not practieal from a fabrication standpoint,

A. In general, an ideal opticsl bandpass filter for use with a
spectrally flat detector must satisfy the following conditions,

(1) ?hé passbaaﬁ.%ﬁé% be réataﬂgﬁlar in shape and exhibit 100 per
cent internal transuission for &ll radiation within preassigned
wavelangthrlimita.

(2) ihe rejeetion rejlon must extend sufficieatly to cover the
total bandwidth of the dstector within the emission region
‘of the source, The rejestion must be complete,

(3) The substrates snd materials used in the manufacture and
assembly wust not deteriorate as a result of indefinite
SXpOFUrs ta U¥ or cosmlo radiation.

{4) The noq@latﬁ assembled filter nust withstand mechanieal

 shoek aqual to a single piece of glass of the same dimensions,
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(5) The filter must not deteriorate due to temperature
changes resulting from alternate exposure to extromely
hot sources =and extremely cold basksround.

{6) the filter nmust not be a radistion emiiter. It must
perfectly reflect all racdiation not trainsmitted.

The above leatures will be discussed in tHhe order of

thelr listing. Flest of all, those bandpass filters which have the
best chance of meeting the sbove conditions are interference filters
of the rabry-Ferot type. The theory of such [ilters is basiceally
that of the Fabry-rerot interferometer. Thia instrument consists of
twe senl-btransparent, highly refleeting plﬁﬁas sepsarated DY & prede~
termined spseinsz,., The transmitted intensity is glven byvtﬁé Airy

purmation formula as

I= (1-1)2 (1)
(1-%)2+4% sin® 4/2
where R = refle¢tance (0 to 1),
d = retardation cetween successive beams,
d/2 = optical spacing between the plates.
we see that I,.,., no absorption, equals one, regardliess of the
value of R, Inin 18 a strong function of R only. The fringe
width (Ing5/2) 18 & funstien of both R and &/2,
Ipax " {;fg)g end Ipqy, = (1+1)2 '(2)

aarresponﬁing to sin? G/2 equal to zero and one respectively.

Rewrdting (1) we have,
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2
1 (l n) . 1 (3)
(1-r)2  1+4R sin? 4/2
(1-1)2
and I = == ()
1+F sin? a/2
where I' = [i/{1l-R)2,
The value of 1 determines the vandwidth for a fixed value of
phase rotardatlon d, The trigonometric function (sin? 4/2)
detzrnlines the shape,
%ow d, the phase retardation between besms, is
2mz2 H 5 Cosn .
a4 = { Z) (5)
A
where @ is the angle of reiraction in the spacer material,
3 1s the physical separation of the plates,
H is the index of refraction of tue spacer materiel,
A is any wavelength of concern,
kquation (5) may be rewritten in terus of order of spacer and
optical thicknoss as,
a= 2 g Cos g (6)
_ A '
where ie i}s ‘aﬁé}avﬂéﬁgth, of the bandwidth under study and M
1s =n intezer, 1, 2, 3, ete. |
Then gfz- = M T3, Gos %, and
— A
é/2 = H ?'Ra s for normsl insidensce, | {7

A
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12.
At the waveleon;th showing maximum transmittance ain? a/2 = 0 (L)
and d/2 = 5w, To satisfy this condition cos # = A/A,,
In practice § is not measured resdily. Instead the exterior
incident sngle 18 messured and the angular effect calculated

from inell's law, viz,

or cos g = (8)
where Al 1# the wavelen:th position of the band when viewed at

an angle of incidence i, and »o is 1ts position when viewed at
normal inciﬁenée.

Let us now return to the task of eczlculating the widtih
and shape of the band for varlous values of refllectivity (H). Ve
wiil do this for normal incidence using (2), (4) =snd (7).

The wavelength span between the points Tmax/2 18 commonly ealled

the halfxiéﬁh. it is eonvenlent to speclfy other widths such

as 1/10, 1/100, ets., in terme of the 1/2 width.

Substituting the valus of 4/2 from (7) in (L), we have at the 1/2 width

£?§§ = 2= L4F 81in2 ¥ W do/h. (9)

he results of applying the formula are shown below,
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i3.
ﬁggig?%één %1§1§) F NF N1/ sin‘lr%“ (iéi iiﬁﬁ;iﬁii)

0.3 29.0 2.45 1.56 ,638 39,.6° 0.4.6%0
0.4 13.0 Loy 2.1 LT 28.5 0.32
0.5 11,0 8.0 2.33  .353 20,8 0.23
0.6 6.2 15 3.87  .258 15.0 0.17
0.7 3.1 31 557  .179 10.3 0.13
0.8 1.2 80 3.95 L1l12 6.l 0.072
0,85 66 151 12.3 081 b7 0.0L49
0.90 .28 360 19.0 053 3.0 0.033
0.92 17 575 240 ey 2.3 0,027
0.94 10 1040 33.0 031 1.75 0.019
0.96 0l 2400 49 .0 .02 1.17 0.012
0.98 .01 9800 99.0 .01 .58 0.007
0.99 003 40,000 199 005 .28° 0.002%0

The 1/2 bandwidth in the last column is shown as a fraction of Ags the
center wavelen;tn beingref the first order band, Dands of higher order
are narrower with widths equal $0 the f(irst order halfl band divided by
the order nunmber M. It i3 appsrent rom the above that the contrast
ratio, I max/I min, 1s relatively large only for very narrow bands,
In comparison with the ideal lilter the band shape leaves something to
e desired, For instance, the 1/10 bandwidth (I max/10) is three times
the 1/2 Width; the 1/100 bandwidth is over nine times the 1/2 width,
The contrast ratio and bvandwidth are.clearly dependeant,

The principle we use %o lessen this depondence ls that of using two
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or more interfecrometers of low contrast in series, Llfectively, the
resulting spectrogrom is the nroduct of the individual curves. The
bandwldth 1s delined by the narrowest individusl passband and the back-
ground tronsmission is the product of ail. The passbands exhibit
sharp cut-off slopes and broad tops, If one were to actuzlly mount a
serles of rabry-Perot interferometers, as described, the interplay of
multiple roflections would cause a marked departure from the expected
product, .y deposliting tidls multiple inteorferometer on one side of
one substrate, using thin flilws in place of massive interferometer
plates, the phase relation for all veams is properly controlled and
the result 1s as stated above, In practice, ths bandwidth recuirement
determines the charactoristics of the clemental F-p inter{erometer;
the contrast regquire .ent determines the number of interterometers to
be deposited, Desirable results are achleved unless absorption in the
materials used becomes appreciable, 88 1s the czse for most UV filters.

Let us now conslder the problem of excluding radiation
at wavelength noluts outside of the band. From the formulas already
given, I min can never be zero no matter how many F-? periods are used.
lowaver, the rejfection can be mede sulficiently small to be of secon~
dary sizuificance only,

Eppley thermopliles are Lroadband and respond to the
total optieal apestrum, In makinz isolation filters, it is essential
to lntegrate the bucikground transwiszsion over the total bandwidth eof
the detector. Ihe echcice of substrate can help a great deal, Glass
absoris ocutside of the band 3L0-3000 wyu and guartz absorbs outside of
the bsnd 180-5000 mp. We need not concern ourselves with wavslengths

beyond these roints,
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ror the salke of discussion, let us assume a spectrally
flat source as well as detector and acsisn a signel to noise ratio,
5/%, of 100,
‘fhen, 8/ = ares under the paschand divided by the ares under the re-
jection rezion,
The maximum nllowsble transmission (7) at any wavelen;th outside of

the pessband 1s

T = (¥Fillter bDaseline bandwidth = T ﬁverage)/(EOOO x 3/i)

Yor a baseline bandwidth of 50 mji and an average band transmission

() of 10 per cent, T must be 0,001l per cent - and optical density of 5.

B, osased upon the principles outlined above, the characteristics of
the first sorles of filters fabricated to match the spectral bands
outlined in the previous Teport are presented in Table V., It must be
reallzed that the preceding discuassion was based on a single interfer-
ometer layer aﬁd that successive applicatidns of this technigue are
necessary to determine the characteristics of the completed multi-
layer filter, | |

In the table, Iilter number (T-1l) is a simple throe-~
iaver (al-dlelectric-al) F«P etalon. (1=2) is a double filter (iiL=-
dle-iL~die-AL). (7-3}, (I-}4) and {(T«5) each consist of a triple etal-
on. In sagh éaas, the filters are lst order with the alumirum layers
azproximately equal in thickness. The interference thickness monitore
ing was carried out at a wavelength of 275 mu. (7-13), (T-4) and ({=5)
exniblt suificient rejection and represent an attempt to reproduce the

same charscteristies.
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PARLE VO Ypectral tronamission characteristices of z zeriesa of narrow

bandpass fllters peaklng in the UV region (Development 1)

wavelength Transniossion as Percentapge

(g}  el Prow 2 £33 Ponlt Peby

D20 13 0,90 - - -
2l 22 1.0 - 0.06 0.10
22 27 1.3 U405 J.10 0.30
.2l Ll 2.9 0.2% 0.60 3.5
25 48 545 0.20 €.2 16
27 52 2l 14 2% 29
.28 L3 33 23 2 22
29 2 3l 20 2l l%
» 30 36 2 i3 13 0
<32 2& 7.0 1.7 1.4 0950
«33 20 3.2 0.48 016 0.20
03% 107 0.15 ‘\J.lez 0.090
«3 13 0,90 0.056 0.058 0,038
.36 0.60 0.02l 0.023 0.020
37 0.35 0.011 0,014 0.010
.38 8.0 .23 0,006 0.007 0.006
« 39 0.16
440 6,0 0.11 0.0023 0,003  0.003
2 0,06 0.0009 0.0009
-ﬁa 0,05¢ 00,0004
. 0.0%0 0.0003
45 3.0 0.033 0,0002 0,0002 0.0002
50 244 0,009 - - -
055 105 0a007 -~ - -
.60 l.o 0-005 - - -
.10 1.0
.80 l.o

0.90 1.0

1.00 <1.0
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Ce Althoush guartz was sslected as the substrate and cover plate of
all filters tine materlals uzed in the actual Fabrieation do assorb in
certaln spectral reglons. the .:iterials used in making filters with
passbands at wavelenzths of 1.6 p and longer consist of germanium and
siiicon monoxide, Germanium strongly absorbs energy of wavelengths
sliorter than about 1.5 u. Filters lylng Lctween 0.4 and 1.6 p are
made using zlne sulphide, cryolite and silver, ior these filters,
zine sulpiilde sosoros energy of wavelen ths shorter than 0,39 p., In
the’region 0.31 to 040 y 12ad chloride, cryolite and silver are used,
and in this case lead chloride atsorbs stronply energy of wavelensths
shorter than 0.30 pe In the rejion 0.20 to 0.30 p aluminum snd cryo-
lite are used, 4ihe absorption jor {ilters located in this region 1is
characteristic of aluminum metal,

One of the problems in Iilter making, is that of en-
suﬁing the neceasssry rejection outside of the passband, Without the
ald of abasorption gléaa it 1s necessary to bulld into the filter the
necessary rejection, preferably by r=flcction. Iiroecedures carried
out to dste geve a hlgh degree of rejectlon but somewhat at the ex-
nense of bind shape, and in some cases, band transmission itself.
Improvement in deslgn and control are cuzlled for in each of the spec-
trel regions using different materials,

Perhaps a modification 1s in order wherein an absorp-
tlon zlass is used as a separate plece, placed between the detsctor
and quartz primery ilter, The Iollowing spectrograpnic data, ziven
in Table VI suyjzests the possibllity.

If, for instance, only lighit of wavelengith shorber

than ,3 ¢ solarizes, then the combination of Iilter plus avsorption
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Tanwl VI Cpectral trsnsmigsion characteristiecs of a serier of narrow

bandpasgs fllters peaklng in the UV rcsion (Development II1)

rransnisslon as Percentage
.f'

M e s I e O

0.28 2,0 1.5
29 5¢0 3.0
.30 11.0 7.0
031 240 18.0
e32 4740 38.0
33 62,0 51.0
34 59.0 49.0
35 5240 43.0
36 48.0 3640
.37 38.0 19.0
.38 25.0 11,0
.39 16,0 0.6
40 3.0 0.05
42 3.0 <0.01
ol 1.0 <0.01
50 0.3 <0.,01
50 0.2 <0.01
«70 0,1 <0,01
<30 0.06 <U.01

0.90 0.03 <0.01

1.00 0.01 0,01
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glass mizht prove to be a filter superlor to one desipgned to perform

the necessary rejeoction without such avsorption,

Ds The primary purpose of the filter development program initiasted
under this contreet was that of examining the vafious techniques of
manufaeture and providing a necessary set of bandpass filters suit-
able for use in space, To miaimize solarization, the decision wae
made to use only quartz substrates, and to eliminate the use of or-
panic laminating materlals, such as thermo-setting plastiec and 8POXY «
The use of absorption glass ordinarily used as an aid in reducing
secondary tranemission was also nega?edffor the same reason,

2o meet the above Pequiremeﬁta, it was necessary to
find a means of ed;e sealling the several substrates comprising esch
filter. 'hls was Jone by clamping the substretes together and epoxy
laminating a quartz riang onto the edpes, Though tuis technique proved
quite satizfactory, improverent 18 necessary to avoid the eondition of

epoxy belng pulled into the small space setween tho olements by cur-
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duce the desired spsclilcations.
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Pusse may Ye surnmarized as follows:

{a) the algh degree of success sci:leved in thermonile detecter devel-
opmeut whers fasbt reap mse, good scusivtivity (with Ireedom from
tomperature dJdependence) and rovustness sre paramount reguirements;

{v) the distinet improvement in narrow nandpass filter fabrication, as

gvidenced especially 1n increaced illter transauission in the ulbtra=-
violet and visivle reglons {hHut further i1ilter development ls de-
sirable especinlly with regerd to filter siape) and in the reali-

zatlon of completely sealsd unlbs cupavle ol withstanding solari-

zabion, molsbture ilno ress and savere shocks
é (e} bhe completely successliul periormance ol the modules and thie dum-
Y owocq=up Lo bhe Hopley and Jra Lest progrums Lo date
() the rn.id current developmeut or the employnent and inberproba-
tion o) rilbler techmlidues In precision rasionmeory;
{e) Lthe prencnt abaie o/ taeg ert in radlioseter calipration, at nigh
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